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(54) Electric element control apparatus, battery system, and inverter motor system 



(57) To improve accuracy in controlling battery out- 
put, a charge-storage element is connected in parallel 
to a plurality of power source units. Each power source 
unit includes a power source element, and power trans- 
mission and reception between the power source ele- 
ment and a neutral point N side can be controlled by 
controlling the ratio of time over which an open/close 
switch remains closed, determined according to which 
among the voltage at the power source element or a 
voltage across the power source unit is larger or smaller. 
As an output of each power source element can be con- 
trolled, accuracy in output control for the combination 
battery can be improved. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention: 

[0001 ] The present invention relates to a combination 
battery having a plurality of power source elements or 
electric elements, to a battery system having a plurality 
of combination batteries, and to an electric element con- 
trol apparatus. The present invention relates also to an 
inverter motor system in which a DC is converted into a 
polyphase AC in an inverter to drive a polyphase AC, in 
particular, to an inverter motor system having an electric 
element with an operating voltage different from that of 
a polyphase AC motor. 

2. Description of the Related Art: 

[0002] Conventionally, combination batteries having 
a plurality of power source elements have been known. 
In conventional combination batteries, because it is dif- 
ficult to ensure a larger unit output voltage for each pow- 
er source element, a plurality of power source elements, 
each with a lower unit output voltage relative to a desired 
output voltage, are serially connected so that a desired 
output voltage can be ensured as a whole. An. example 
of the above structure is disclosed in Japanese Patent 
Laid-open Publication No. Hei 7-322516. 
[0003] In the above described art, however, because 
the power source elements are serially connected, 
when an output of any one of the connected plurality of 
power source elements drops due to functional deterio- 
ration or other reasons, an output voltage of the whole 
battery accordingly drops by an amount equivalent to 
the drop in output of that power source element. In ad- 
dition, in systems where an operational voltage of an 
auxiliary of an battery system differs from an output volt- 
age of the battery of the battery system, a separate DC/ 
DC converter must be provided. 
[0004] Also, an inverter motor system for driving an 
electric vehicle, as shown in Fig. 10, has conventionally 
been known as one type of inverter motor system as 
described above. This system 200, which drives a vehi- 
cle driving motor via an inverter using a high voltage 
source, comprises an auxiliary 252 and an auxiliary 
power source 252, the operating voltage of both of which 
differs from that of a polyphase AC motor 240. As the 
voltage required by the auxiliary is lower than a vehicle 
driving voltage, a voltage from a high voltage source 2 1 0 
is once reduced in a DC/DC converter 230, to which an 
auxiliary power source and the auxiliary are connected. 
With such a structure, system volume and weight in- 
crease, as does power loss, because of the use of a DC/ 
DC converter. In order for this system to be connected 
to a plurality of additional electric elements with different 
operating voltages, additional DC/DC converter or con- 
verters must be provided to the element with different 



operating voltage, resulting in a further increase of sys- 
tem volume, weight, and power loss. 
[0005] A system enabling an auxiliary power source 
to be connected to a high voltage source without a DC/ 

s DC converter is disclosed in the form of an electric sys- 
tem for an electric vehicle in Japanese Patent Laid-open 
Publication No. Hei 11-178114. In the system disclosed 
in that publication, an auxiliary power source is connect- 
ed between a motor neutral point, where ends of a plu- 

10 rality of windings of a motor are connected to one an- 
other, and a lower voltage side of a high voltage source. 
This system structure enables system volume and 
weight to be reduced through elimination of a DC/DC 
converter. 

15 [0006] However, in this system, the operating voltage 
of the connected electric element or elements must re- 
main within a constant range because an auxiliary pow- 
er source, serving as an electric element, is simply con- 
nected to the motor neutral point. Therefore, it is difficult 
20 to improve operational efficiency of an electric element 
which varies its operating state, depending on the var- 
ying operating state. Moreover, connection of a plurality 
of electric elements with different operating voltages re- 
quires a DC/DC converter. That is, the system voltage 
25 and weight are increased, as is power loss. 

SUMMARY OF THE INVENTION 

[0007] The present invention has been conceived in 

30 view of the above. According to the present invention, 
there is provided an electric element control apparatus 
according to the present invention, comprises a charge- 
storage element; a neutral point selectively connected 
to either a higher voltage side or a lower voltage side of 

35 the charge-storage element via a selection switch ; a plu- 
rality of electric elements connected between the neu- 
tral point and eitherthe higher voltage side or the lower 
voltage side of the charge-storage element, each elec- 
tric element generating, consuming, or storing electric 

40 power; and a selection switch control section for con- 
trolling switching of the selection switch to thereby con- 
trol potential at the neutral point. The thus structured 
electric element control apparatus can control operation 
of a plurality of, or a plurality of types of .electric ele- 

45 ments through control of the potential at the neutral 
point. This makes it possible to simplify the structure of 
an apparatus compared to an apparatus wherein a con- 
trol mechanism is provided for each electric element. 
[0008] According to another aspect of the present in- 

50 vention, there is provided a battery system. The battery 
system comprises serially connected combination bat- 
teries. This structure enables reduction of an output volt- 
age required to each combination battery included in the 
battery system, relative to the entire output voltage of 

55 the battery system, so that accuracy in controlling an 
output of each battery, and thus a battery system includ- 
ing the combination batteries, can be improved. 
[0009] According to still another aspect of the present 
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invention, there is provided a combination battery, com- 
prising a charge-storage element; a plurality of power 
source units connected in parallel to the charge-storage 
element, each including a powersource element for out- 
putting electric power; and an open/close switch con- 5 
nected to the power source element, for controlling a 
current passing through the power source unit by 
switching itself; and an open/close switch control sec- 
tion for controlling switching of each open/close switch, 
wherein the combination battery outputs electric power 10 
stored in the charge-storage element. The combination 
battery outputs power stored in the charge-storage ele- 
ment. In addition, current to an electric element is con- 
trolled in a similar manner. 

[0010] This structure can control input and output is 
power for every powersource element by controlling the 
open/close switch. Therefore, even when an output of, 
for example, one of the plurality of power source ele- 
ments should drop, increasing outputs from the power 
source units excluding the one including the power 20 
source element with a dropped output can compensate 
the output loss due to the drop as a whole battery. That 
is, a battery output control can be achieved with im- 
proved accuracy. 

[0011] In one aspect of the present invention, a com- 
bination battery may further preferably comprise a neu- 
tral point selectively connected to either a higher voltage 
side or a lower voltage side of the charge-storage ele- 
ment via a selection switch; and a selection switch con- 
trol section for controlling switching of the selection 
switch. Preferably, the power source units are connect- 
ed between the neutral point and either a higher voltage 
side or a lower voltage side of the charge-storage ele- 
ment. This structure enables easy and accurate control- 
ling of a combination battery output through controlling 
of the potential at the neutral point. 
[0012] In another aspect of the present invention, 
preferably, a combination battery may further comprise 
a pair of output terminals, one of which is connected to 
the neutral point and another is connected to either the 
higher voltage side or the lower voltage side of the 
charge-storage element. As the selection switch control 
section can control the potential at the neutral point to 
a desired value, as described above, the use of the neu- 
tral point as an output terminal allows use of the neutral 
point as a power source terminal for an external load. 
[001 3] In still another aspect of the present invention, 
a combination battery may further preferably comprise 
a load element connected between the neutral point and 
either the higher voltage side or the lower voltage side 
of the charge-storage element, for power consumption. 
As this structure enables control of a voltage applied to 
the load element, using the selection switch, there is no 
need to provide a separate voltage application mecha- 
nism and voltage control mechanism for each load ele- 
ment 

[0014] In yet another aspect of the present invention, 
the load element of a combination battery may prefera- 



bly be a load element for driving the combination battery. 
A load element for a combination battery may include a 
load element necessary in driving or adjusting driving of 
the combination battery, e.g., for a combination battery 
in the form of a fuel battery, a hydrogen flow amount 
control pump, a methanol reforming heater, a cooling 
fan, and so on. 

[0015] According to another aspect of the present in- 
vention, there is provided an inverter motor system com- 
prising 

a charge-storage element for supplying a direct cur- 
rent; 

an inverter having a plurality of selection switches 
each selectively connected to either a higher volt- 
age side or a lower voltage side of the charge-stor- 
age element, for converting the direct current from 
the charge-storage element into a polyphase alter- 
nating current; a polyphase AC motor driven by the 
polyphase alternating current generated in the in- 
verter; an electric element connected between a 
motor neutral point and either the higher voltage 
side orthe lower voltage side, each electric element 
generating, consuming, or storing electric power, 
the motor neutral point being a point where one 
ends of a plurality of windings of the polyphase AC 
motor are connected to one another; a selection 
switch control section for controlling switching of the 
plurality of selection switches of the inverter to 
thereby control a potential at the motor neutral 
point; an open/close switch for switching between 
connections of the electric element to the motor 
neutral point and to either the higher voltage side 
or the lower voltage side of the charge-storage el- 
ement, wherein the selection switch control section 
controls the plurality of selection switches, and 
switching of the open/close switch. As this arrange- 
ment enables desirable control of a voltage or cur- 
rent to to an electric element, appropriate operation 
of the electric element and improved system oper- 
ation are facilitated. 

[0016] In another aspect of the present invention, 
preferably, the selection switch control section controls 
switching of the plurality of switches and/or variably con- 
trols a potential at the motor neutral point, according to 
operational state of the plurality of electric elements. 
This allows the electric elements to operate appropri- 
ately according to the operational state thereof, so that 
system operation efficiency can be improved. 
[0017] In yet another aspect of the present invention, 
preferably, each electric element is provided connecta- 
ble to the higher voltage side and the lower voltage side 
of the charge-storage element via the open/close 
switch; and the selection switch control section controls 
the open/close switch so as to connect the electric ele- 
ment to either the higher voltage side or the lower volt- 
age side of the charge-storage element. This enables 
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appropriate switching of a voltage to apply or a current 
to supply to the electric elements, so that system oper- 
ation efficiency can be improved. 
[0018] In still another aspect of the present invention, 
preferably, an inverter motor system may further com- 
prise a plurality of backflow circuits for each holding and 
backflowing a current passing through its associated 
electric element. This arrangement can eliminate power 
loss, so that system operation efficiency can be im- 
proved. 

[0019] In yet another aspect of the present invention, 
preferably, the selection switch control section controls 
each switch according to operational state of its associ- 
ated electric element among the plurality of electric el- 
ements included. As this arrangement enables appro- 
priate controlling of a plurality types of electric elements, 
system volume, weight, and power loss can be reduced 
due to reduction of the number of DC/DC converters. 
Moreover, as the system can handle operation of a var- 
ious kinds of electric elements, the system can be used 
in a wider variety of applications. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] The above and other objects, features, and ad- 
vantages of the present invention will become further 
apparent from the following description of the preferred 
embodiment taken in conjunction with the accompany- 
ing drawings wherein: 

Fig. 1 is a diagram schematically showing a struc- 
ture of a battery system in a preferred embodiment 
of the present invention; 

Fig. 2 is a diagram schematically showing a struc- 
ture of a combination battery according to a first pre- 
ferred embodiment of the present invention; 
Fig. 3 is a circuit diagram of a load unit of a combi- 
nation battery in the first preferred embodiment of 
the present invention; 

Fig. 4 is a diagram schematically showing a struc- 
ture of a combination battery according to a second 
preferred embodiment of the present invention; 
Fig. 5 is a diagram schematically showing a struc- 
ture of a combination battery according to a third 
preferred embodiment of the present invention; 
Fig. 6 is a diagram schematically showing a struc- 
ture of a combination battery according to a fourth 
preferred embodiment of the present invention; 
Fig. 7 is a circuit diagram showing an inverter motor 
system according to the fifth preferred embodiment 
of the present invention; 

Fig. 8 is a diagram explaining a backflow circuit 
holding a current passing through an electric ele- 
ment in the embodiment shown in Fig. 7: 
Fig. 9 is a block diagram showing an inverter control 
section in the embodiment shown in Fig. 7; and 
Fig. 1 0 is a diagram showing a conventional inverter 
motor system. 



DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0021] In the following, a first preferred embodiment 
5 of the present invention will be described with reference 
to the drawings. Fig. 1 is a schematic diagram showing 
a battery system. Fig. 2 is a schematic diagram showing 
a structure of a combination battery. Fig. 3 is a diagram 
showing a circuit of a load unit. 
10 [0022] A battery system 1 in this embodiment com- 
prises a plurality of serially connected combination bat- 
teries 10. The positive terminal t1 of each combination 
battery 1 0 is connected to the negative terminal t2 of its 
adjacent combination battery 1 0. The positive terminal 
15 t1 of a combination battery 10 at one end of the row of 
combination batteries 10 is connected to the positive ter- 
minal T1 of the battery system 1 . The negative terminal 
t2 of a combination battery at the other end of the row 
is connected to the negative terminal T2 of the battery 
20 system 1 . The serial connection of a plurality of combi- 
nation batteries enables reduction of an output voltage 
required to each combination battery, relative to the 
whole output of the battery system. A smaller output 
voltage for each combination battery in turn results in a 
25 narrower variable width of the output, so that accuracy 
of combination battery output control can be improved. 
Output voltages of the respective combination batteries 
10 may be set to a common voltage, or to differing volt- 
ages. 

30 [0023] A combination battery 1 0 has a charge-storage 
element 20 for power storage, and a plurality of power 
source units 40a, 40b, 40c, connected in parallel to the 
charge-storage element 20. Power from the respective 
power source units 40a, 40b, 40c is accumulated in the 
35 charge-storage element 20, and then output via output 
terminals T1 , T2. Power may also be supplied from the 
charge-storage element 20 to the respective power 
source units 40a, 40b, 40c, when needed. 
[0024] The combination battery 1 0 in this embodiment 
40 has a neutral point N of which potential Vn is intermedi- 
ate between that on the higher voltage side of the 
charge-storage element 20 and that on the lower volt- 
age side. The neutral point N is caused to be alternately 
connected to the higher and lower voltage sides by 
45 switching between the selection switches 30a, 30b. In 
this embodiment, two switches are provided, including 
a higher voltage side selection switch 30a (e.g., a power 
MOSFET) for connecting the neutral point N to the high- 
er voltage side of the charge-storage element 20, and 
so a lower voltage side selection switch 30b (e.g., a power 
MOSFET) forconnecting the neutral point N to the lower 
voltage side. Through alternately closing these switch- 
es, the potential Vn at the neutral point N is controlled, 
such as by PWM control, for example. Specifically, the 
55 potential Vn at the neutral point N can be controlled 
through a ratio of time for which the neutral point N is 
connected to either the higher or lower voltage side. 
That is, the voltage Vn becomes higher when the neutral 
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point N is connected to the highervoltage side for a long- 
ertime, and lower when the neutral point N is connected 
to the lower voltage side for a longer time. 
[0025] The power source units 40a, 40b, 40c are re- 
spectively connected between the neutral point N and 
the higher or lower voltage side. In this embodiment, the 
powersource units 40a, 40b are connected between the 
neutral point N and the lower voltage side, and the pow- 
er source unit 40c is connected between the neutral 
poi nt N and the higher side and also between the neutral 
point N and the lower side. 

[0026] The power source unit 40a includes a re- 
chargeable power source element 41 a (e.g. , a lead stor- 
age battery), and is connected between the neutral point 
N and the lower voltage side. The power source unit 40b 
comprises a discharging only source element 41 b (e.g., 
a fuel battery). The power source elements 41a, 41b 
comprise a plurality of (e.g., three) serially connected 
lead storage cells and fuel battery cells, respectively, in 
this embodiment. 

[0027] The power source units 40a and 40b have 
identical structures other than the power source ele- 
ments 41 a and 41 b. That is, the power source units 40a, 
40b each comprise a first open/close switch 42, (e.g. a 
power MOSFET), serially connected to the power 
source element 41 a, 41 b, for controlling a current pass- 
ing through the power source unit 40a, 40b, a coil 44, 
serially connected between the power source element 
41 a, 41 b and the first open/close switch 42, and a sec- 
ond open/close switch 43 (e.g., a power MOSFET), con- 
nected in parallel to the serially connected powersource 
element 41a, 41b and coil 44, for controlling a current 
passing through the power source unit 40a, 40b. As 
open/close switches 42. 43 are provided for each power 
source element, an output of each power source ele- 
ment 41 a, 41 b can be controlled by controlling its asso- 
ciated open/close switches 42, 43. It should be noted 
that the first and second switches 42, 43 are controlled 
so as to close alternately. 

[0028] The coil 44 holds a current passing therein. 
Therefore, the current passing through the coil 44 with 
the second open/close switch 43 closed will pass 
through the first open/close switch 42 closed when the 
second open/close switch 43 is opened. This current is 
output from the associated power source unit 40a, 40b. 
[0029] I n the above structure, the state of power trans- 
mission/reception between the power source element 
41a, 41b and the neutral point N varies depending on 
which between the voltage of the power source element 
41a, 41b and a potential difference between both ends 
of the power source unit 40a, 40b (i.e., a voltage across 
the power source unit 40a, 40b) is larger, and a ratio of 
time for which the open/close switches 42, 43 remain 
open/closed. That is, when the potential at the positive 
electrode of the power source element 41 a, 41 b is high- 
er than the potential Vn at the neutral point N (i.e., the 
voltage of the power source element 41a, 41b is larger 
than the voltage across the power source unit 40a, 40b), 



the amount of current flowing from the power source el- 
ement 41a, 41b to the neutral point N side increases 
when the first open/close switch 42 remains closed for 
a longer time, and the amount of current flowing in the 

5 opposite direction increases when the first open/close 
switch 42 remains closed for a shorter time. 
[0030] On the other hand, when the potential on the 
positive electrode of the power source element 41 a, 41 b 
is smaller than the potential Vn at the neutral point N (i. 

10 e., the voltage of the power source element 41 a, 41 b is 
smaller than a voltage across the powersource unit 40a, 
40b), the amount of current flowing from the neutral 
point N side to the power source element 41 a, 41b in- 
creases when the first open/close switch 42 remains 

15 closed for a longer time, and the amount of current flow- 
ing in the opposite direction increases when it remains 
closed for a shorter time. 

[0031] The powersource unit 40c has a rechargeable 
powersource element 41 c (e.g., an auxiliary driving lead 

20 storage battery). The positive terminal of the power 
source element 41c is connected to the neutral point N, 
and its negative terminal is connected, via the coil 44, 
to a midpoint Np between two open/close switches 45, 
46, which are serially connected between the higher and 

25 lower voltage sides. A protection diode is provided in 
parallel to each of the open/close switches 45, 46. 
[0032] The state of power transmission and reception 
between the power source element 41c and the neutral 
point N varies according to which between a difference 

30 in potential between the neutral point N and the higher 
or lower voltage side and a voltage of the power source 
element 41c is larger, and according to a ratio of time 
for which the open/close switches 45, 46 remain open 
or close. That is, when the potential difference between 

35 the neutral point N and the lower voltage side is larger 
than the voltage of the power source element 41c, the 
amount of current flowing from the neutral point N side 
to the power source element 41c increases when the 
open/close switch 46 remains closed for a longer time. 

40 To the contrary, when the potential difference between 
the neutral point N and the lower voltage side is smaller 
than the voltage of the power source element 41c, the 
amount of current flowing in the opposite direction from 
the above then increases. 

45 [0033] In a thus structured power source unit 40c, 
when the potential Vn at the neutral point N is controlled 
such that a potential difference between the neutral 
point N and the higher voltage side and that between 
the neutral point N and the lowe r voltage sided iff e r, volt- 

50 ages of two different magnitudes can be readily applied 
to the power source element 41c by switching between 
the two open/close switches 45, 46. 
[0034] The combination battery 10 further comprises 
load units 50a, 50b for power consumption. In this em- 

55 bodiment, a load unit 50a having a load element 51 a (e. 
g., a hydrogen flow amount control pump of a fuel bat- 
tery) and a load unit 50b having a load element 51b (e. 
g., a methanol reforming heater of a fuel battery) are 
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connected between the neutral point N and the lower 
voltage side. The incorporation of a load element for a 
combination battery into a battery system results in a 
battery system having a compact structure, as com- 
pared with a case where load units are separately pro- 
vided. 

[0035] The load units 50a and 50b have identical 
structures, except for load elements 51a and 51b. Spe- 
cifically, the load units 50a, 50b each comprise an open/ 
close switch 52 (e.g., a power MOSFT), serially con- 
nected to the load element 51a, 51b; a coil 54, serially 
connected between the load element 51a, 51b and the 
open/close switch 52; and a diode 53, connected in par- 
allel to the serially connected load element 51 a, 51 b and 
the coil 54. It should be ntoed that another open/close 
switch may replace the diode 53. 
[0036] When the open/close switch 53 remains open, 
a backflow circuit CL is resultantly formed where current 
passes through the load element 51a, 51b, the diode 
53, and the coil 54 in that order. In this case, the coil 54 
holds a backflow current. That is, this structure can hold, 
and backflow, a current passing through the load ele- 
ment 51a, 51b, enabling power to be used effectively. 
[0037] In this structure, the open/close switch 52 re- 
maining closed for a longer time results in an increase 
in the current flowing into the load element 51a, 51b, 
and the open/close switch 52 remaining closed for a 
shortertime results in a decrease of such a current. The 
control section 60 controls switching between the selec- 
tion switches 30a and 30b, and opening/closing of the 
respective open/close switches 42, 43, 45, 46 to thereby 
control power transmission and reception between the 
power source units 40a, 40b, 40c and the charge-stor- 
age element 20, as well as operation of the load units 
50a, 50b. 

[0038] The control section 60 receives a determined 
voltage V across the charge-storage element 20, a de- 
termined potential Vn at the neutral point N, determined 
voltage values Va, Vb, Vc of the respective power 
source elements 41a, 41b, 41c, determined operational 
state signals on the respective load elements 51a, 51b, 
an output voltage command signal V*, output command 
signals Pa*, Pb* for the respective load elements 51a, 
51 b, and an output command signal Ic* for the auxiliary 
battery 41c. An operation state signal is a signal indic- 
ative of an output state of the load element 51 a, 51 b, an 
example of the signal being a discharge amount of a 
pump 51 a and the temperature of a heating section of 
a heater 51 b. An output voltage command signal V* and 
output command signals Pa*, Pb*, Ic* are input exter- 
nally, for example, from an ECU. Based on the received 
and determined values and command signals, the con- 
trol section 60 generates control signals sa, sb for the 
selection switches 30a, 30b, and control signals s1 , s2, 
s3, s4, s5 for the respective open/close switches 42, 43, 
45, 46, 52, respectively. In this embodiment, a potential 
difference Vn between the lower voltage side and the 
neutral point N is used as potential atthe neutral point N. 



[0039] The control section 60 compares the output 
voltage command signal V* and the determined voltage 
V across the charge-storage element 20, and controls 
the device such that the voltage V across the charge- 
5 storage element 20 conforms with the output voltage 
command signal V*. Specifically.when the voltage V is 
lower than the output voltage command signal V*, con- 
trol is applied so as to increase the amount of current 
output from the respective power units 40a, 40b, 40c to 
the charge-storage element 20. More specifically, 
should the voltage Va, Vb of the power source element 
41a, 41b be larger than the voltage across the power 
source unit 40a, 40b (i.e., Vn in this embodiment), the 
first open/close switch 42 is controlled to remain close 
for a longer time (i.e., the second open/close switch 42 
is controlled to remain close for a shorter time). On the 
contrary, should the voltages Va, Vb of the power source 
elements 41a, 41b be smaller than the voltage across 
the power source units 40a, 40b (i.e., Vn), the first open/ 
close switch 42 is controlled to remain closed for a short- 
er time (i.e., the second open/close switch 42 is control- 
led to remain closed for a longer time). Alternatively, the 
selection switches 30a, 30b may be controlled to there- 
by control the potential at the neutral point N for adjust- 
ment the relationship concerning which is larger or 
smaller between the voltages Va, Vb of the power 
source elements 41a, 41b and a difference in potential 
Vn between the both ends of the power source unit 40a, 
40b (i.e., a voltage across the power source unit 40a, 
40b). Differing from the above, when the voltage V 
across the charge-storage element 20 is larger than the 
output voltage command signal V*, control is applied so 
as to reduce the amount of current output from the re- 
spective power units 40a, 40b, 40c to the charge-stor- 
age element 20. 

[0040] Further, the control section 60 controls outputs 
of the respective power source elements 41 a, 41 b, 41 c, 
based on the determined voltage values Va, Vb, Vc of 
the respective power source elements 41 a, 41b, 41c. 
Specifically, when a dropped output from the power 
source element 41a is determined, the open/close 
switches 42, 43 of the power source unit 40a are con- 
trolled so as to increase the amount of current flowing 
into the power source element 41a. Alternatively, the 
open/close switches 42, 43, 45, 46 of the power source 
unit 40b, 40c may instead be controlled so as to increase 
the amount of current output from power source ele- 
ments 41 b, 41 c. Still alternatively, the selection switches 
30a, 30b may be controlled to thereby control the po- 
tential Vn at the neutral point N. 

[0041] Still further, the control section 60 compares 
an output voltage command Vc* for the auxiliary battery 
41c and the determined voltage Vc across the auxiliary 
battery 41 c, and controls such that the voltage Vc across 
the auxiliary battery 41c accords with the output com- 
mand signal Vc* for the auxiliary battery 41 c. Specifical- 
ly, when the output voltage Vc of the auxiliary battery 
41 c is smaller relative to the output command signal Vc*, 
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the control section 60 controls the open/close switches 
45, 46 or the selection switches 30a, 30b so as to charge 
the auxiliary battery 41c, i.e., so as to increase the 
amount of current flowing from the neutral point N to the 
auxiliary battery 41c. 

[0042] Yet further, the control section 60 compares 
output command signals Pa*, Pb* for the respective load 
elements 51 a, 51 b and the determined operational state 
signals Pa, Pb, and controls such that the operational 
state accords with the output command. Specifically, in 
the case where an output determined from the opera- 
tional state signals Pa, Pb is insufficient relative to the 
output command signals Pa*, Pb*, the control section 
60 controls the open/close switch 52 and the selection 
switches 30a, 30b so as to increase the voltages V 
across the load elements 51a, 51b. 
[0043] in the following, a second preferred embodi- 
ment of the present invention will next be described with 
reference to the accompanied drawings. Fig. 4 is a dia- 
gram schematically showing a structure of a combina- 
tion battery 11 according to this embodiment. 
[0044] The combination battery 1 1 in this embodiment 
comprises at least one electric element unit 70d, con- 
nected between the lower voltage side of the charge- 
storage element 20 and the neutral point N, and at least 
one-other electric element unit 70u, connected between 
the higher voltage side of the charge-storage element 
20 and the neutral point N. These electric element units 
70d, 70 u are each a circuit having any of power gener- 
ation, consumption, and storage elements. For exam- 
ple, these units 70d, 70u may each be constructed hav- 
ing a circuit structure identical to that of the power 
source unit 40a, 40b, the load unit 50a, 50b, or the like, 
as in the first embodiment. In this embodiment, similar 
to the first embodiment, the control section 60 controls 
the selection switches 30a, 30b to control the potential 
Vn at the neutral point N, and an open/close switch (not 
shown) included in each of the electric element units 
70d, 70u, to thereby control power transmission and re- 
ception between an electric element and the charge- 
storage element 20 or between respective power ele- 
ments. Similar as inthe first embodiment, the control 
section 60 performs the above mentioned control based 
on the respective determined values or signals (e.g. , the 
voltage V across the charge-storage element 20, a cur- 
rent value on the higher voltage side of the charge-stor- 
age element 20, the potential Vn at the neutral point N, 
the voltage values of the respective electric elements, 
an operational state signal, an output voltage command 
signal, an output command signal, and so on). 
[0045] The combination battery 1 1 of the present em- 
bodiment further comprises output terminals t3, t4, in 
addition to the output terminals t1 , t2, atthe neutral point 
N and on the lower voltage side, respectively. This struc- 
ture makes it possible to control the potential at the neu- 
tral point N into a predetermined value so that the neutral 
point N can be used in power supplying to an external 
load. 



[0046] In the following, a third preferred embodiment 
of the present invention will be described with reference 
to the accompanying drawings. Fig. 5 is a schematic di- 
agram showing a structure of a combination battery 12 
5 according to this embodiment. 

[0047] The combination battery 12 in this embodiment 
comprises a plurality of electric element units 70t, con- 
nected between the neutral point N and either the lower 
or higher voltage side of the charge-storage element 20 . 
10 These electric element units 70t are each a circuit hav- 
ing any of power generation, consumption, or storage 
electric elements. For example, these units 70t may 
each be constructed having a circuit structure identical 
to that of the power source unit 40c in the first embodi- 
es ment, i.e., a circuit comprising an electric element, of 
which one end is connected to the neutral point N, and 
a selection switch for selectively connecting the other 
end of the electric element to the lower or higher voltage 
side of the charge-storage element. The control section 
20 60 controls the respective sections in the same manner 
as in the first or second preferred embodiment. 
[0048] Next, a fourth preferred embodiment of the 
present invention will be described with reference to the 
accompanying drawings. Fig. 6 schematically shows a 
25 structure of a combination battery 13 according to this 
embodiment. 

[0049] The combination battery 1 3 in this embodiment 
comprises an electric element unit 70t, connected be- 
tween the neutral point N and either the lower or higher 

30 voltage side of the charge-storage element 20; another 
electric element unit 70d, connected between the lower 
voltage side of the charge-storage element 20 and the 
neutral point N; and a still another electric element unit 
70u, connected between the higher voltage side of the 

35 charge-storage element 20 and the neutral point N. 
Each of the electric elements 70t, 70d, 70u has a struc- 
ture identical to that of a respective electric element unit 
70t, 70d, 70u as employed in the second or third pre- 
ferred embodiment of the present invention. The control 

40 section 60 controls the respective sections in the same 
manner as in the first, second, orthird preferred embod- 
iments. 

[0050] It should be noted that the present invention is 
not limited to the above described preferred embodi- 
es rnents. Electric element connection manner may include 
the following three types: 

(1) connection between the neutral point N and the 
higher voltage side of a major charge-storage ele- 

50 ment 20 (e.g., an electric element including the 
electric element unit 70u in the second embodi- 
ment); 

(2) connection between the neutral point N and the 
lower voltage side of a major charge-storage ele- 

55 ment 20 (e.g., the power source element 41a, 41b, 
the load unit 51 a, 51 b, and so on in the first embod- 
iment); or 

(3) selective connection between the neutral point 
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N and either the higher or lower voltage side of the 
charge-storage element 20 (e.g., the power source 
element 41c in the first embodiment). 

[0051] That is, connection manners for an electric el- 
ement are not limited to those described in the above 
described preferred embodiments, and two or more 
electric elements may be connected according to any of 
the above mentioned connection manners (1) to (3). In 
addition, two or more of the above mentioned connec- 
tion manners may be co-employed in a single circuit 
structure. An electric element connected in the manner 
(1) or (2) may be connected directly, i.e., without via a 
switch, to the neutral point N or on the higher or lower 
voltage side of the charge-storage element 20. 
[0052] As the potential at the neutral point N can be 
set at an appropriate value according to the connected 
electric element, the potential difference between the 
neutral point N and the higher voltage side of the charge- 
storage element 20 and that between the neutral point 
N and the lower voltage side of the charge-storage ele- 
ment 20 can be set to different values . This arrange- 
ment enables generation of a potential difference re- 
quired in operation (e.g., employment of electric ele- 
ments with different rated voltages). In addition, a plu- 
rality (e.g., two) types of potential differences can be se- 
lectively applied to an electric element connected in the 
connection manner (3) described above. 
[0053] Various types of chemical batteries (e.g. , nick- 
el metal hydride battery, lithium-ion battery, and so on), 
an AC power source, and so on can be used as a power 
source element, regardless as to whether or not the 
source element is rechargeable. An EHC heater, an 
AC1 00V source transformer, and so on can be connect- 
ed as a load element. An electric double layered capac- 
itor and so on may be used as a charge-storage ele- 
ment, and a capacitor may replace the charge-storage 
element to provide a rechargeable battery. 
[0054] In any of the above described first to fourth pre- 
ferred embodiments, the control section 60 controls the 
selection switches 30a, 30b, or an open/close switch or 
a selection switch included in each electric element unit 
to thereby control power transmission/reception be- 
tween the charge-storage element 20 and an electric el- 
ement or among the respective electric elements. In 
light of this configuration, the combination battery and 
the battery system described in the above preferred em- 
bodiments can be described as an electric element con- 
trol apparatus controlling a plurality of electric elements 
connected in parallel to a major charge-storage element 
(i.e., a charge-storage element 20). This structure ena- 
bles the controlling of input/output power control for var- 
ious types of electric elements, using an integrated cir- 
cuit structure. Consequently, there can be provided an 
apparatus having a simpler structure that would be the 
case when a separate control mechanism is provided to 
each electric element. Moreover, accurate and efficient 
power control of each electric element is made possible 



through control of the selection switch and/or an open/ 
close switch provided for each electric element. It should 
be noted that an output terminal of a combination battery 
or a battery system is not indispensable when the com- 

5 bination battery or the battery system is constructed as 
an electric element control apparatus. 
[0055] As described above, according to the present 
invention, power transmission and reception between a 
major charge-storage element and each of a plurality of 

10 electric elements connected in parallel to the charge- 
storage element can be controlled through control of an 
open/close switch or a selection switch. Consequently, 
accuracy in output control for a combination battery and 
a battery system including a combination battery can be 

15 improved. Moreover, an electric element control appa- 
ratus having a plurality of electric elements integrated 
in a compact manner can be realized. 
[0056] Next, a fifth preferred embodiment of the 
present invention will be described with reference to the 

20 accompanied drawings, in which an inverter motor sys- 
tem of the present invention is applied to a fuel battery 
hybrid electric vehicle inverter motor system. 
[0057] Rg. 7 is a circuit diagram schematically show- 
ing a structure of an inverter motor system. Fig. 8 is a 

25 diagram explaining a backflow circuit. Fig. 9 is a block 
diagram showing an inverter control section. 
[0058] A DC from a DC source 1 1 0 (e.g., a nickel met- 
al hydride secondary battery) is converted in an inverter 
1 20 into a polyphase AC (e.g., a three phase AC), which 

30 in turn is used to drive a polyphase AC motor 140 (e.g., 
a three phase AC motor). In this system 1 00, DC power 
can be transmitted between the DC source 110 and the 
fuel battery 151 through operation of the inverter 120 in 
a zero voltage vector mode. That is : under control of the 

35 inverter 1 20, a current to the motor 1 40 can also be sup- 
plied from thefuel battery 151 side. As described above, 
the inverter motor system 100 of the present invention 
is constructed in the form of a fuel battery hybrid system 
in which a DC power source 1 1 0 and a fuel battery 1 51 
both supply a current to the motor 140. 
[0059] One set of ends of each of a plurality of wind- 
ings 141 of the motor 140 are connected to one another, 
to thereby constitute a motor neutral point N1 . An elec- 
tric element (e.g., a power source 151, 154) for power 

45 generation, another electric element (e.g., a load 152, 
153) for power consumption, and still another electric 
element (e.g., a capacitor) for power storage are con- 
nected between the motor neutral point N1 and the high- 
er or lowervoltage side of the DC source. In the example 

so of this embodiment, a power source 51 (e.g., a fuel bat- 
tery), a load 52 (e.g., a hydrogen flow amount control 
pump of a fuel battery), a load 53 (e.g., a methanol re- 
forming heater of a fuel battery), and a power source 54 
(e.g., an auxiliary battery) are connected between the 

55 motor neutral point N1 and the lower voltage side. 

[0060] The system 1 00 in this embodiment comprises 
open/close switches 162, 163, 1 64a, 164b (e.g., a MOS- 
FET) each for switching between connection and dis- 
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connection between an electric element and the higher 
or lower voltage side of the DC power source or the mo- 
tor neutral point N1. Specifically, the system 100 com- 
prises open/close switches 162, 163 for respectively 
switching between connection and disconnection be- 
tween the loads 152, 153 and the motor neutral point 
N1 side, a switch 164a for switching between connec- 
tion and disconnection between the power source 154 
and the higher voltage side of a DC power source 110, 
and a switch 1 64b for switching between connection and 
disconnection between the power source 154 and the 
lower voltage side of the DC power source 110. The 
switching by these switches 162, 163, 164a, 164b may 
be controlled by a selection switch control section or an 
open/close switch control section, but in the example of 
the present embodiment control is performed by an in- 
verter control section 130 (described in detail later). The 
two switches 1 64a, 1 64b for switching between connec- 
tion and disconnection between the power source 154 
and the higher or lower voltage side of the DC source 
110 are controlled by the inverter control section 130 
such that the midpoint Np is connected to either the 
higher or lower voltage side. 

[0061] A coil 180 is connected between the electric 
element 152, 153, 154 and the switch 162, 163, 164a 
and 164b, respectively, forsmoothening a sharp change 
in current and voltage caused by switching the switch 
162, 163, 164a, 164b. A diode 190 is connected in par- 
allel to the serially connected coil 1 80 and electric ele- 
ment 152, 153, for suppressing a current flowing from 
the higher to lower voltage sides. The above structure 
constitutes a backflow circuit CK, where a current flows 
from the electric element 152, 153, the diode 190, and 
the coil 180 in this order (in the direction of the arrow in 
Fig. 8) when the switch 162, 163 remains open. In this 
case, the coil 1 80 holds a backflow current. That is, this 
structure can hold and backflow a current passing 
through an electric element, allowing efficient power use 
without waste. The diode 90 may be replaced by a 
switch controlled by the inverter control section 1 30. 
[0062] In addition to rotation control of the motor 1 40, 
the inverter control section 130 controls the inverter for 
variable control of the potential Vn of the motor neutral 
point N1, as well as the respective switches 162, 163, 
164a, 164b. The inverter control section 130 comprises 
a coordinate conversion section 131, a current com- 
mand value calculation section 132, an electric element 
control section 133, a voltage command value calcula- 
tion section 1 36, an inverse conversion section 1 37, and 
a PWM modulation section 1 38. Operation of these sec- 
tions will be described with reference to Fig. 9. 
[0063] Current la, lb, Ic in the motor 140, as deter- 
mined in a current determination section 1 21 , is supplied 
to a coordinate conversion section 131 for coordinate 
conversion so as to be expressed in a dq coord in ate sys- 
tem, where a field pole direction constitutes a d axis and 
the direction orthogonal to the field pole direction con- 
stitutes a q axis, and currents Id, Iq, associated with the 



respective axes, and a zero phase current lo are calcu- 
lated. The current command value calculation section 
132 calculates current command values Id*, Iq*, based 
on the currents Id, Iq; a rotation speed signal o> of the 
5 motor 140; and a torque command value T*, supplied 
externally, for example, from a system control section 
(ECU) (not shown). 

[0064] The electric element control section 133 re- 
ceives a zero phase current lo, calculated in the coordi- 

io nate conversion section 131; a DC source voltage Vs, 
determined in the DC source voltage determination sec- 
tion 111; a DC source current Is, determined in the DC 
source current determination section 112; operational 
state signals P1, P2, P3, P4 (hereinafter referred to as 

15 pi), determined in the operational state determination 
section 1 71 , 1 72; and output command signals P 1 *, P2*, 
P3*, P4* (hereinafter referred to as Pi*) addressing elec- 
tric elements. An operational state signal is a signal in- 
dicative of an output state of an electric element, e.g., 

20 an output voltage of a fuel battery 151, a discharge 
amount of a pump 152, the temperature of a heating 
section of a heater 1 53, and an output voltage of an aux- 
iliary battery 154. An output command signal is a signal 
via which an external ECU commands respective elec- 
ts trie elements to output. 

[0065] The electric element control section 1 33 com- 
prises a zero phase current command value calculation 
section 134 for calculating a zero phase current com- 
mand value lo*, a switching signal calculation section 

30 1 35 for calculating a switching signal Ss2, Ss3, ... (here- 
inafter referred to as Ssi) for controlling switching of the 
respective switches 62, 63, 64a, 64b. The zero phase 
current command value calculation section 134 calcu- 
lates a zero phase current command value lo*, which 

35 determines the potential Vn at the motor neutral point 
N1 , according to the respective signals input to the elec- 
tric element control section 133, in other words, opera- 
tional state of the DC source and the respective electric 
elements. Specifically, in the case where a DC source 

40 voltage Vs lower than a predetermined value is deter- 
mined, a zero phase current command value lo* is de- 
termined such that the fuel battery 151 increases its out- 
put. Moreover, the zero phase current command value 
calculation section 134 receives and compares an out- 

45 put command signal Pi* and an operational state signal 
Pi, and, when it is determined that an output of the elec- 
tric element is not sufficiently large to fulfill the output 
command, determines a zero phase current command 
value lo* such that the electric element provides an out- 

50 put in accordance with the command. Specifically, in the 
case where the operational state signal P2 presents a 
discharge flow amount value lower than the value indi- 
cated by a received output command signal P2*, which 
instructs an increase of a discharging flow amount of the 

55 pump 52, a zero phase current command value lo* is 
determined such that an increased amount of voltage is 
applied to the pump 52, in other words, the potential Vn 
at the motor neutral point N1 increases. 
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[0066] The switching signal calculation section 135 
calculates a switching signal Ssi according to the re- 
spective signals input to the electric element control sec- 
tion 133, i.e., operational state of the DC source and the 
respective electric elements. More specifically, the 
switching signal calculation section 135 receives and 
compares an output command signal Pi* and an oper- 
ational state signal Pi, and, when it is determined that 
an output of the electric element is not large enough to 
be commensurate with the output command, deter- 
mines a switching signal Ssi such that the electric ele- 
ment provides an output in accordance with the com- 
mand. Specifically, when the operational state signal P3 
presents an output value lower than a value indicated 
by a received output command signal P3*, which in- 
structs an increase of an output of the heater 53, a 
switching signal Ssi is determined such that an in- 
creased amount of voltage is applied to the heater 53 
so that the heater 53 increases its output. In other words, 
the switch 63 is connected to the motor neutral point N1 
side for a longer time. 

[0067] The voltage command value calculation sec- 
tion 136 calculates voltage command values Vd*, Vq*, 
Vo* based on Id*, I q*, calculated in the current command 
value calculation section 132, and lo*, calculated in the 
zero phase current command value calculation section 
1 34. That is, a command value Vo* corresponding to the 
potential Vn at the motor neutral point N1 is calculated 
based on the zero phase current command value lo*: 
Subsequently, the inverse conversion section 137 cal- 
culates voltage command values Va*, Vb*, Vc* for the 
current with respective phases, as a result of coordinate 
conversion of the voltage command values Vd*, Vq*, 
Vo*. The PWM modulation section 138 calculates 
switching signals Ssa, Ssb, Ssc for current with the re- 
spective phases in inverter 1 20 based on the calculated 
Va*, Vb*, Vc*. 

[0068] Forconnection of an electric element for power 
generation (e.g., a power source) to the system, the 
magnitude of a current passing through the power 
source can be controlled through the above described 
variable controlling of the potential Vn at the motor neu- 
tral point N1 , according to which is larger between the 
voltage of that power source and a potential difference 
between points at which the power source is connected 
(i.e., a potential difference between the motor neutral 
point N1 and either higher or lower voltage side of the 
combination battery 1 0). Specifically, when the potential 
Vn at the motor neutral point N1 is controlled such that 
a potential difference between the motor neutral point 
N1 and the lower voltage side of the DC source 110 be- 
comes higher than the voltage of a power source (e.g., 
an auxiliary battery 154), an increased amount of cur- 
rent flows into the auxiliary battery 154, which is. thus 
charged with more current. However, when the potential 
Vn at the motor neutral point N1 is controlled such that 
a potential difference between the motor neutral point 
N1 and the lower voltage side of the DC source 110 be- 



comes lower than the voltage of the auxiliary battery 
1 54, relatively less current flows into the auxiliary battery 
1 54, which therefore is charged with less current. As de- 
scribed above, the charging amount can be controlled 
5 according to requirements, which can improve power ef- 
ficiency. 

[0069] It should be noted that the present invention is 
not limited to the above described fifth preferred embod- 
iment. Specifically, whereas in the above example an 

' 10 electric element is con nected between the motor neutral 
point N1 and the lower voltage side of a DC source, the 
electric element may instead be connected between the 
motor neutral point N1 and the higher voltage side of the 
DC source. Alternatively, some electric element may be 

is connected between the motor neutral point N1 and the 
higher voltage side of the DC source while other may 
be connected between the motor neutral point N1 and 
the lower voltage side. 

[0070] Various types of electric elements are connect- 
20 able. In addition to the above described fuel battery and 
nickel metal hydrogen battery, chemical batteries (e.g., 
a lithium ion, lead, or the like), an AC source, and so on 
are connectable as a power generating power source 
whether or not it is rechargeable. An EHC heater, an 
25 AC 100V source transformer, and so on may be connect- 
able as a power consuming load. An electric double lay- 
ered capacitor or the like may be used as a charge-stor- 
age element. 

[0071] Alternatively, an electric element may becon- 

30 nected to the system in a manner allowing selective con- 
nection to any two of the motor neutral point N1 side, 
the higher voltage side, and the lower voltage side by 
means of a plurality of switches controlled by the inverter 
control section 130. Such a structure enables applica- 

35 tion of a plurality of different levels of potential differenc- 
es to an electric element through control of the switch, 
such that control efficiency can be further improved. 
[0072] As the potential Vn at the motor neutral point 
N1 can be set at any value, a potential difference be- 

40 tween the motor neutral point N1 and the higher voltage 
side of the DC source 110 and that between the motor 
neutral point N1 and the lower voltage side of the DC 
source 110 can be set at different values. This allows 
incorporation of a suitable electric element to the sys- 

45 tern, which accords with the respective potential differ- 
ences. Further, provision of a switch enabling selective 
connection between any desired two of the motor neu- 
tral point N1 side, the upper voltage side, and the lower 
voltage side, as described above, allows the number of 

so settable potential difference levels to be increased, 
thereby facilitating system size reduction and power ef- 
ficiency improvement. 

[0073] As described above, according to the present 
invention, a voltage or current supplied to an electric el- 
55 ement connected to an inverter motor system can be 
desirably controlled. This facilitates operation of the 
electric element, so that system operation efficiency can 
be improved. In addition, as a variety of electric ele- 
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ments can be incorporated into the system, the size of 
an electric system, as well as power consumption, can 
be reduced. 



Claims 

1 . An electric element control apparatus, comprising: 

a charge-storage element; 
a neutral point selectively connected to either 
a higher voltage side or a lower voltage side of 
the charge-storage element via a selection 
switch; 

a plurality of electric elements connected be- 
tween the neutral point and either the higher 5. 
voltage side or the lower voltage side of the 
charge-storage element, each electric element 
generating, consuming, or storing electric pow- 
er; and 

a selection switch control section for controlling 
switching of the selection switch to thereby con- 
trol potential at the neutral point. 



2. A battery system including a plurality of combination 25 
batteries connected in series, wherein 

each combination battery comprises: 

a charge-storage element; 
a plurality of power source units connected in 
parallel to the charge-storage element, each in- 
cluding 

a power source element for outputting electric 
power; and 

an open/close switch connected to the power 
source element, for controlling a current pass- 
ing through the power source unit by switching 
itself; and 

an open/close switch control section for con- 
trolling switching of each open/close switch. 

3. A combination battery, comprising: 

a charge-storage element; 
a plurality of power source units connected in 
parallel to the charge-storage element, each in- 
cluding 

a power source element for outputting electric 
power; and 

an open/close switch connected to the power 
source element, for controlling a current pass- 
ing through the power source unit by switching 
itself; and 

an open/close switch control section for con- 
trolling switching of each open/close switch, 55 
wherein 

the combination battery outputs electric power 
stored in the charge-storage element. 
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A combination battery according to claim 3, further 
comprising: 

a neutral point selectively connected to either 
a higher voltage side or a lower voltage side of 
the charge-storage element via a selection 
switch; and 

a selection switch control section forcontrolling 

switching of the selection switch; 

wherein 

each power source unit is connected between 
the neutral point and either a higher voltage 
side or a lower voltage side of the charge-stor- 
age element. 

A combination battery according to claim 3, further 
comprising a pair of output terminals one of which 
is connected to the neutral point and another is con- 
nected to either the higher voltage side or the lower 
voltage side of the charge-storage element. 

A combination battery according to claim 4, further 
comprising a load element connected between the 
neutral point and either the higher voltage side or 
the lower voltage side of the charge-storage ele- 
ment, for power consumption. 

A combination battery according to claim 6, wherein 
the load element is a load element for driving the 
combination battery. 



8. An inverter motor system, comprising: 

a charge-storage element for supplying a direct 
current; 

an inverter having a plurality of selection 
switches each selectively connected to either a 
higher voltage side or a lower voltage side of 
the charge-storage element, for converting the 
direct current from the charge-storage element 
into a polyphase alternating current; 
a polyphase AC motor driven by the polyphase 
alternating current generated in the inverter; 
an electric element connected between a motor 
neutral point and either the higher voltage side 
or the lower voltage side, each electric element 
generating, consuming, or storing electric pow- 
er, the motor neutral point being a point where 
one ends of a plurality of windings of the poly- 
phase AC motor are connected to one another; 
a selection switch control section forcontrolling 
switching of the plurality of selection switches 
of the inverter to thereby control a potential at 
the motor neutral point; 

an open/close switch for switching between 
connections of the electric element to the motor 
neutral point and to either the higher voltage 
side or the lower voltage side of the charge- 
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storage element, 
wherein 

the selection switch control section controls the 
plurality of selection switches, and switching of 
the open/close switch. 5 

9. An inverter motor system according to claim 8, 
wherein 

the selection switch control section controls 
switching of the open/close switch and/or variably 10 
controls a potential at the motor neutral point, ac- 
cording to operational state of the electric element. 

10. An inverter motor system according to claim 8, 
wherein 15 

the electric element is provided connectable to 
the higher voltage side and the lower voltage 
side of the charge-storage element via the 
open/close switch; and 20 
the selection switch control section controls the 
open/close switch so as to connect the electric 
element to either the higher voltage side or the 
lower voltage side of the charge-storage ele- 
ment. 25 

11. An inverter motor system according to claim 8, fur- 
ther comprising a backflow circuit for holding and 
backf lowing a current passing through the electric 
element. 30 
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